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Abstract— A helical flow is a type of secondary currents that 
develops in addition to the primary flow pattern in a river 
bend. It produces transversal fluxes of suspended sediment due 
to the fact that sediment concentration is not uniform through 
the vertical. Therefore, while vertically averaged transversal 
flow of water is zero, the average sediment flux is not. 
This paper presents development of a module that reproduces 
this effect of secondary flow in a river bend for suspended 
sediment transport. The module is integrated into TELEMAC-
2D model. TELEMAC-2D already takes into account the effect 
of secondary flows on flow pattern and bed load transport. The 
present development therefore completes the modelling of 
secondary effects in TELEMAC-SISYPHE for two dimensions. 
The model has been tested against field data collected at 
Kapunga intake (Tanzania) in early 1990s. five cases have been 
tested for different river flows, extracted flows, sediment 
concentrations and water levels. Exclusion performance 
(reduction of concentration flowing into intake compared to 
concentration in the river upstream) was of interest. This 
preliminary testing shows promising results both in terms of 
total suspended sediment as well as individual fractions. 
 
I. INTRODUTION 
Sedimentation is often a serious challenge in hydraulic 
engineering. The most obvious example of this are 
reservoirs. It has been estimated that about 1% of total 
worldwide storage is lost every year due to sedimentation [1]. 
Thus the potential of reservoirs to store water for irrigation, 
power production, etc. is decreased. Water intakes may also 
suffer from sediment related problems if the amount of 
sediment in the flow is high. The associated problems are, for 
example, siltation of canals branching from the intake or 
abrasion of power machinery in the case of electricity 
generation. Engineers have proposed various sediment 
management solutions for  excluding sediment from intakes, 
one of them being sitting of the intake in the outer side of a 
river bend to take the advantage of helical flow that develops 
in a bend. 
Efficiency of these options can be estimated with 
physical or numerical models. Physical models are more 
reliable for  general hydrodynamic studies than the modelling 
of water flow only. However for water and sediment flows, 
the downside of physical models is that appropriate scaling 
for all processes is difficult to achieve and the required time 
and costs are also large. This is why numerical modelling is 
currently the preferred option to study sedimentation 
processes. 
Numerical modelling can be done in one, two or three 
dimensions. Each approach has its advantages and 
disadvantages. While 1D models are very practical for long-
term simulations (say 50 or 100 years), they cannot properly 
simulate details of complex flow patterns around structures. 
3D models are most suitable for this. However in the vertical 
direction, the nature of sediment processes is such that they 
are concentrated near river bed or reservoir bottom [2]. A 
high modelling resolution and thus computational cost is 
necessary for numerical solution in these types of models. 
Furthermore, the physical knowledge of many sediment 
transport processes is largely based on mean flow parameters 
rather than details of vertical flow distribution. For these 
reasons, 2D models are often most suitable for solving 
practical engineering problems in relation to sediment. 
However, certain 3D effects, an example of which is helical 
flow, should be reasonably depicted by 2D models. This 
paper presents development of a module that takes into 
account the effects of helical flow on transport of suspended 
sediment, as well as its application to sediment exclusion at 
intakes. 
II. METHOD 
The change of flow direction in a river bend causes a 
phenomenon which is known as helical flow and is a type of 
a secondary current that develops in addition to the primary 
flow current. Flow on the surface has a higher inertia and 
tends to continue flowing towards the outer bend, while flow 
close to the bed turns towards the inner bank. Thus a 
secondary circulation is formed (Fig. 1). 
Helical flow has been analysed by several authors (e.g. 
[3]) who have proposed different approaches towards its 
modelling. Recently, these formulae have been implemented 
into 2D numerical models (e.g. [4]). TELEMAC already has 
a module for evaluation of the effect of secondary currents on 
bed-load transport. In TELEMAC version 7, the effect of 
secondary flows on average (primary) flow field was also 
added. This paper presents developments of a module that 
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The first four runs were performed to see how the 
proposed improvements for secondary currents change the 
results of the model. The remaining runs were performed to 
see how the proposed model behaves at different discharges 
and sediment concentrations compared to observations.  
The Q**sf6 runs were run to investigate how the model 
performs if several sediment fractions are taken into account. 
Performance ratio for individual fractions was compared with 
observations for runs Q30sf6 and Q23sf6 where these 
observed data were available [12]. 
For one fraction model run, a representative sediment size 
of 0.135 mm was used, corresponding to sediment diameter 
d35. This is deemed to be the representative size in Ackers 
and White formula in the case of mixtures [13]. For the six 
fractions runs, the sand sizes as showed in [12] were used 
(0.075 mm, 0.115 mm, 0.17 mm, 0.27 mm) in addition to 
two larger fractions to represent the whole spectre of 
sediment sizes at Kapunga  (0.6 and 2 mm). 
IV. RESULTS 
Fig. 5-8 show the concentrations for the Q38* family of 
runs after one day. It can be seen that when the proposed 
modification is not taken into account (Q38o), the 
concentration is very much uniform through the flow field. 
When the flow expands, the flow velocities decrease in 
particular along the edges of the flow field and where the 
transport capacity is no longer sufficient to carry the 100 g/l 
of sediment, some deposition occurs. This is manifested by 
the decrease of concentration. Using the option of 
considering secondary currents in the flow model only 
(Q38f) does not change the results much. In the case when 
the proposed modifications are used in the simulations (Q38s 
and Q38sf), the distribution of sediment concentration across 
the stream changes from high along the inner side of the bend 
to low on the outer side.  
Table III shows the performance ratios predicted by 
different runs of the Q38 family compared to the observed 
value. It can be seen that the runs where the proposed 
modification was used (Q38s and Q38sf) performed similarly 
well while the other two (Q38o and Q38f) significantly 
underestimated the performance ratio. 
A direct comparison with the PHOENICS and SSIIM 
models is not possible as these studies ([9] and [10]) only 
reported the performance ratio of the intake, while this study 
only modelled the performance ratio of the extraction in the 
bend (as the flow split between intake and sluice channel is a 
3D problem and cannot be modelled by a 2D model). 
Nevertheless, a comparison is shown in Table IV. 
TABLE III.  OBSERVED AND PREDICTED PERFORMANCE RATIOS FOR 
Q38 FAMILY OF RUNS 
Observed Q38o Q38f Q38s Q38sf 
0.61 0.32 0.31 0.57 0.57 
 
  
Figure 5.  Flow field (arrows) and distribution of concentration for run 
Q38o 
 
Figure 6.  Flow field (arrows) and distribution of concentration for run 
Q38f 
 


